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Related Appeals and Interferences 

Applicant knows of no currently pending related appeals or interferences that would have 

an effect on the outcome of this appeal. 

Status of Claims 

Claims 1-9 are pending in this application and are before this Board for consideration on 

appeal. A copy of the appealed claims is found in the Appendix attached to this brief. 

Status of Amendments 

No amendments to the claims were filed after final rejection. All previous amendments 

have been entered. 

Summary of the Invention 

The present invention is directed to semiconductor devices having gradual slope contacts. 

In one embodiment of the invention, a semiconductor device precursor is provided which 

comprises a layer of dielectric material formed on a substrate, a layer of conductive material 

formed within the layer of dielectric material, and a layer of hard mask material formed on at 

least a portion of the dielectric material. Each of the dielectric material and layer of hard mask 

material have openings therein defining a via which exposes at least a portion of the layer of 

conductive material. An interconnect material may also be formed in the via. The layer of hard 

mask material includes a pair of facets, and the dielectric material includes a pair of shoulders 

having the hard mask material thereon. 

As illustrated in Fig. 4 and described in the specification at page 7-11, the semiconductor 

precursor 50 includes a substrate 12 which is formed by depositing a layer 14 of dielectric 

insulating material 16. A layer 18 of conductive material 20 is formed on the layer 14, and a 

layer 22 of hard mask material 24 is formed on the layer 14. The hard mask material is then 

etched to expose a portion of the dielectric layer 14, form sidewalls 26 in the exposed portion of 

layer 14, and form a gradual slope contact. Facets 30 are then formed in the layer 22 of hard 

mask material by etching. The facets 30 in the layer of hard mask material together with the 
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sidewalls 26 of the layer 14 form a via 32 A. The hard mask material which is removed during 

etching of the facets is redeposited along the sidewalls 26 and forms shoulders 36 on the 

dielectric material as illustrated in Fig. 5. Thus, all of the hard mask material formed on the 

dielectric layer 14 is formed from a single deposition of the same hard mask material. 

As shown in Fig. 6, the layer 14 is then etched to expose a portion of the layer 18 of 

conductive material 20 and forms the semiconductor device precursor 50. A metal interconnect 

material 34 may be also be formed in the via 32 as shown in Fig. 1. 

Issues Presented 

The issues presented for review on appeal are: 

1) Whether the Examiner erred in rejecting claims 1-6, 8 and 9 under 35 U.S.C. 103(a) as 

being unpatentable over the combined teachings of Blalock (U.S. 5,320,981) and Wu 

(5,940,731). 

2) Whether the Examiner erred in rejecting claim 7 under 35 U.S.C. 103(a) as being 

unpatentable over Blalock and Wu and further in view of Linn et al. (5,547,596). 

3) Whether the Examiner established, by evidence, a prima facie case of obviousness for 

any claim on appeal. 

Grouping of Claims 

The Examiner has made two separate grounds of rejection, rejecting claims 1-6, 8 and 9 

under 35 U.S.C. 103(a) as being unpatentable over the combination of Blalock (U.S. 5,320,981) 

and Wu (5,940,731); and rejecting claim 7 under 35 U.S.C. 103(a) as being unpatentable over 

Blalock and Wu and further in view of Linn et al. (5,547,596). The apphcation contains three 

rejected independent claims, namely, claims 1, 5, and 9. Applicant submits that the claims do 

not stand or fall together. The patentability of each independent claim will be separately argued. 
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The References 

Blalock, U>S. Patent No, 5 J20.98L Blalock teaches a method for forming a sloped 

contact in a layer of dielectric oxide material which utilizes a photoresist mask for etching the 

dielectric oxide layer. After etching, the photoresist material is removed and a second etch is 

performed to form a faceted edge on the dielectric layer. The dielectric material which is 

removed to form the facet is redeposited over a portion of the sidewall to form the desired 

sloping of the via. 

Wu, U.S. Patent No. 5,940,731. Wu teaches a method of forming a tapered polysilicon 

contact plug in which a polysilicon layer is deposited on an oxide layer as a mask for etching of 

the oxide layer. After the oxide layer is etched, a second polysilicon layer is deposited and 

another etch process is performed followed by deposition of a third polysilicon layer. 

Linn et al., U.S. Patent No. 5,547.896. Linn et al. teach a method of etching a thin film 

resistor material in which a titanium-tungsten hard mask material is deposited on an exposed 

surface of thin film resistor material and etched to expose the material beneath. 

ARGUMENT 

I. Summarv of Argument 

The Examiner has failed to establish a prima facie case, by evidence or reasoning, that 

any of the rejected claims would have been obvious with respect to the proposed combination of 

reference teachings. Blalock does not teach or suggest the use of a hard mask material, and 

there is no motivation to use a hard mask material in Blalock. Nor is there any teaching or 

suggestion in any of the references of a semiconductor device precursor having a layer of 

dielectric material including a pair of shoulders thereon which are formed fi^om the same hard 

mask material which has been deposited on the dielectric material. 
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11. The Examiner's burden of establishing a prima facie case of obviousness has not been met. 

It is well established that the burden of establishing a prima facie case of obviousness 

resides with the Examiner. In re Fine, 837 F.2d 1071, 5 USPQ2d 1596 (Fed. Cir. 1988); In re 

Piasecki, IAS F.2d 1468, 223 USPQ 785 (Fed. Cir. 1984). This burden can be satisfied only by 

showing some objective teaching in the prior art, or that knowledge generally available to one of 

ordinary skill in the art, would lead that individual to the claimed invention. Both the teaching 

and a reasonable expectation of success must be found in the prior art, not in applicant's 

disclosure. In re VaecK 20 USPQ2d 1438 (Fed.Cir. 1991). 

Where the teachings of references are proposed to be combined, it is encumbent upon the 

Examiner to explain why the combination of reference teachings is proper. The suggestion to 

modify the reference teachings must come from the references themselves, not from applicant's 

disclosure. See/« reLaskowski, 871 F.2d 115,117,10 USPQ2d 1397,1398-99 (Fed, Cir. 1989); 

In re Fine, supra 837 F.2d at 1075 ("[TJeachings of references can be combined, only if there is 

some suggestion or incentive to do so. Here, the prior art contains none."); Uniroyal v. Rudkin- 

Wiley Corp., 837 F.2d 1044, 1051, 5 USPQ2d 1434 (Fed. Cir.), cert denied, 109 S. Ct 75 

(1988) (''When prior art references require selective combination...to render obvious a 

subsequent invention, there must be some reason for the combination other than the hindsight 

gleaned from the invention itself. Something in the prior art as a whole must suggest the 

desirabiUty, and thus the obviousness, of making the combination.") Applicant submits that the 

proposed combination of reference teachings here is not based on any objective teaching or 

suggestion in the references themselves, but rather is based on prohibited hindsight using the 

claimed invention as a blueprint. Interconnect Planning Corp. v, Feil, 11A F.2d 1132, 227 

USPQ 543 (Fed. Cir. 1985). 

Applicant submits that upon close examination, the Examiner did not meet her burden of 

establishing a prima facie case of obviousness as to any of the claims on appeal. 
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III.     The teachings of Blalock and Wu are not properly combinable. 

In the final office action mailed May 3, 2004, the Examiner maintained the rejection of 

claims 1-6,8 and 9 under 35 U.S.C. 103(a) as being unpatentable over the combination of 

Blalock and Wu. The Examiner has acknowledged that Blalock does not teach or suggest the 

use of a hard mask material formed on a dielectric layer, where the dielectric layer includes a 

pair of shoulders with the mask material thereon. The Examiner has also acknowledged that 

Blalock does not teach a layer of hard mask material having a pair of facets as claimed. 

However, the Examiner asserts that Wu teaches a hard mask layer (polysilicon layer 28) on a 

dielectric material which includes a pair of shoulders (34) and a hard mask material having a pair 

of facets (Fig. 6). The Examiner asserts that it would have been obvious to combine the 

teachings of Blalock and Wu "to enable formation of the interconnect structure." 

However, the Examiner has supplied no substantive evidence or reasoning as to how or 

why one skilled in the art would make the proposed substitution. The desirability of the 

combination is clearly not suggested in the prior art. Blalock teaches a method of forming a via 

by redepositing dielectric material during etching to form sidewall spacers, while Wu teaches 

separate depositions of conductive polysilicon material to form sidewalls. The Examiner has 

provided no reasoning or explanation as to how or why one skilled in the art would be motivated 

to replace Blalock's photoresist, which is removed, with a hard mask material, which is not. 

Blalock redeposits a portion of the dielectric layer, not a mask layer, as recited in claim 1. 

Further, the Examiner has provided no reasoning or explanation as to how or why one skilled in 

the art would be motivated to replace Blalock's dielectric material with the electrically 

conductive polysilicon material taught in Wu. Claim 1, and claims 2-4 that depend therefrom, 

are clearly patentable because the Examiner has failed to carry her evidentiary burden. 

Nor has the Examiner provided any reasoning or explanation as to why one would be 

motivated to combine the reference teachings for the purpose of providing an interconnect 

structure when Blalock does not teach or suggest a desire to form an interconnect material in his 

via as recited in applicant's claim 5. Claim 5, and claims 6 and 8, which depend therefrom, are 

patentable for this additional reason. 
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Further, Wu does not teach a hard mask layer which is formed by a single deposition of 

hard mask material as taught in the present invention and as recited in claim 9. The Examiner 

stated at page 4 of the final rejection that this Hmitation has not been given patentable weight, 

stating that "the method of forming the device is not germane to the issue of patentability of the 

device itself" However, applicant submits that, in this instance, the manner in which the mask 

material is deposited directly affects the composition of the shoulders of the claimed 

semiconductor device and thus must be accorded patentable weight. Wu teaches depositing 

separate layers of polysiUcon material (see col. 5, line 44 to col. 6, line 25) while the present 

invention teaches re-deposition of the same mask material to form shoulders on the dielectric 

material. See the specification at pages 8-10. Accordingly, Wu clearly does not teach a device 

in which the layer of hard mask material formed on the dielectric material is the same hard mask 

material which forms the shoulders. This distinction is clearly set forth by applicant's recitation 

of a pair of shoulders having "said hard mask material thereon" in independent claims 1, 5, and 

9. 

Claims 1-6 and 9 are clearly patentable over the combination of Blalock and Wu. 

rv. The teachings of Blalock and Wu are not properly combinable. and even if combined with 

Linn et al. do not render claim 7 obvious. 

With regard to claim 7, which recites that the hard mask material comprises a titanium- 

tungsten alloy, the Examiner has cited Linn et al. for disclosing a titanium-tungsten as a hard 

mask material, asserting that it would have been obvious to combine Linn et al. with the 

teachings of Blalock and Wu "to enable formation of the hard mask layer." However, as pointed 

out above, Blalock does not teach a hard mask material, and there is no teaching or suggestion in 

Wu or Linn et al. that indicates that a tungsten-titanium alloy is interchangeable with a 

polysilicon mask material. Even if one were to make the proposed substitution, the claimed 

semiconductor device would not result as the combined teachings of the references do not teach 

or suggest a layer of hard mask material on a dielectric material, where the dielectric material 
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includes a pair of shoulders having the same hard mask materiial thereon. Claim 7 is clearly 

patentable over the cited references. 

V. Conclusion 

The Examiner has failed to carry her evidentiary burden of establishing a prima facie case 

of obviousness for any of the claims on appeal. The prior art references clearly do not render 

obvious the claims on appeal as they do not teach or suggest a semiconductor precursor having a 

layer of hard mask material which includes a pair of facets, nor do they teach or suggest a pair of 

shoulders on a dielectric material which are formed from the same hard mask material as 

claimed. 

The Board is requested to reverse the rejections of claims 1-9 in their entirety. 

One Dayton Centre 

One South Main Street, Suite 1300 

Dayton, Ohio 45402-2023 

Telephone: 937/449-6429 

Facsimile: 937/449-6405 

Respectfully submitted,. 

DINSMORE & SHOHL LLP 

Susan M. Luna 

Registration No. 38,769 
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APPENDIX 

The Claims on Appeal 

1. A semiconductor device precursor comprising: 

a substrate; 

a layer of dielectric material formed on at least a portion of said substrate; 

a layer of conductive material formed within said layer of dielectric material; and 

a layer of hard mask material formed on at least a portion of said layer of dielectric 

material; at least a portion of said layer of dielectric material and said layer of hard mask 

material each having openings therein defining a via; said via exposing at least a portion of said 

layer of conductive material; said layer of dielectric material including a pair of shoulders having 

said hard mask material thereon; and said layer of hard mask material having a pair of facets. 

2. A semiconductor device precursor as claimed in claim 1 in which said layer of hard mask 

material includes a layer of etch resistant material thereon. 

3. A semiconductor device precursor as claimed in claim 1 wherein said hard mask material 

is selected from the group consisting of tungsten, tungsten silicide, poloycrystalline silicon, 

titanium, titanium nitride, titanium siUcide, and titanium-tungsten alloys. 

4. A semiconductor precursor device as claimed in claim 1, wherein said layer of 

conductive material contacts at least a portion of said substrate. 

5. A semiconductor device precursor comprising: 

a substrate; 

a layer of dielectric material formed on at least a portion of said substrate; 

a layer of conductive material formed within said layer of dielectric material; 
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a layer of hard mask material formed on at least a portion of said layer of dielectric 

material; at least a portion of said layer of dielectric material and said layer of hard mask 

material each having openings therein defining a via, said via exposing at least a portion of said 

layer of conductive material; said layer of dielectric material including a pair of shoulders having 

said hard mask material thereon, and said layer of hard mask material having a pair of facets; and 

an interconnect material in said via. 

6. A semiconductor device as claimed in claim 5, wherein said hard mask material is 

selected from the group consisting of tungsten, tungsten silicide, polycrystalline silicon, titanium, 

titanium nitride, titanium silicide, and titanium-tungsten alloys. 

7. A semiconductor device as claimed in claim 5, wherein said hard mask material 

comprises a titanium-tungsten alloy. 

8. A semiconductor precursor device as claimed in claim 5, wherein said layer of 

conductive material contacts at least a portion of said substrate. 

9. A semiconductor device precursor comprising: 

a substrate; 

a layer of dielectric material formed on at least a portion of said substrate; 

a layer of conductive material formed within said layer of dielectric material; and 

a layer of hard mask material formed by a single deposition of hard mask material on at 

least a portion of said layer of dielectric material; at least a portion of said layer of dielectric 

material and said layer of hard mask material each having openings therein defining a via, said 

via exposing at least a portion of said layer of conductive material; said layer of dielectric 

material including a pair of shoulders having said hard mask material thereon, and said layer of 

hard mask material having a pair of facets. 
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